16 African swine fever virus (ASFV) is a large and complex double-stranded DNA virus 17 that poses serious threats to the pig industry. It is well-accepted that the multigene 18 family (MGF) proteins are extensively distributed in ASFVs and are generally 19 classified into five families, including MGF-100, MGF-110, MGF-300, MGF-360 and 20 MGF-505. Most MGF proteins, however, have not been well characterized and 21 classified within each family. To bridge this gap, this study first classified the MGF 22
proteins into 35 groups based on protein sequence homology. A web server for 23 classifying the MGF proteins was then established and available for free at 24 http://www.computationalbiology.cn/MGF/home.html. Results showed that the 25 genetic diversity of the MGF groups varied widely, mainly due to the occurrence of 26 indels. In addition, the MGF proteins were predicted to have large structural and 27 functional diversity, and the MGF proteins of the same MGF family tended to have 28 similar structure, location and function. Evolutionary analysis revealed the dynamic 29 changes of the MGF proteins in the ASFV genomes, and more than half of MGF 30 groups were presented in all ASFV genomes, which indicated the important role of 31 MGF proteins in ASFVs. Overall, it is expected that the work would not only provide 32 a detailed classification for MGF proteins, but also facilitate further research on MGF 33 proteins. 34 1 Introduction 35 African swine fever (ASF) is a viral disease in swine that leads to a high mortality in 36 domestic pigs (Parker, Plowright, & Pierce, 1969) . The disease has been endemic in 37 sub-Saharan Africa for many years and has spread to many countries in Eastern 38 Europe and Russia in the past decades (Costard, Mur, Lubroth, & 39 Pfeiffer, 2013; Galindo & Alonso). In the past two years, ASF has spread to China and 40 caused epidemics in almost all provinces of the country (Ge et al.; Li et al., 2019) . 41 Despite the growing threat to the world's pig industry, effective vaccine and drugs 42 have not yet been developed (Teklue, Sun, Muhammad, Luo, & Qiu, 2019) . 43 African swine fever virus (ASFV), the pathogen of ASF, is a large double-stranded 44 DNA virus with a genome size of 170 kb to 190kb and is the only member of the 45 Asfarviridae family (Arias, Jurado, Gallardo, Fernández-Pinero, & 46 Sánchez-Vizcaíno, 2018; L. K. Dixon, Chapman, Netherton, & Upton, 2013) . ASFV 47 encodes more than 150 proteins, including proteins related to viral transcription and 48 replication, structural proteins, viral enzymes, etc (L. K. Dixon et al., 2013) . 49 Unfortunately, over half of these proteins have not been well characterized, especially 50 for the multigene family (MGF) proteins (Keßler et al., 2018) . In general, the MGF 51 proteins are mainly encoded at both ends of the genome and are the most abundant 52 proteins in ASFVs (Vydelingum, Baylis, Bristow, Smith, & Dixon, 1993; Yozawa, 53 Kutish, Afonso, Lu, & Rock, 1994) . Depending on the size of the MGF proteins, they 54 can be divided into five families, including MGF-100, MGF-110, MGF-300, 55 MGF-360 and MGF-505 (Chapman, Tcherepanov, Upton, & Dixon, 2008; Keßler et 56 al., 2018) . Previous studies have shown that MGF proteins play important roles in 57 host viral infection, including the transcription and translation, virulence, immune 58 escape, etc. For example, MGF-360 and MGF-505 genes have been shown to 59 attenuate a highly virulent ASFV isolate (Neilan et al., 2002; Zsak et al., 2001) . 60 However, most MGF proteins have not been structurally and functionally 61 characterized. Considering the great diversity of MGF proteins in each MGF family, 62 there is also a lack of further classification of the MGF proteins. 63 To bridge this gap, this study first classified the MGF proteins based on protein 64 sequence homology. After that, the genetic diversity, structure, function and evolution 65 of MGF proteins were thoroughly investigated. We hypothesized that a more detailed 66 classification for MGF proteins could be obtained to facilitate further research on 67 MGF proteins. The number of groups in each MGF family was identified and shown in Figure 1 . 116 Specifically, a total of 3, 7, 2, 13 and 10 groups were identified in MGF families of 117 100, 110, 300, 360 and 505, respectively. The groups were named after a combination 118 of the name of MGF family and a letter that began with "A" and followed alphabet 119 order as the number of proteins in the group decreased. For example, the MGF groups 120 in the family of MGF-110 were named MGF-110-A~MGF-110-G. In addition, most 121 MGF groups contained 20 to 110 proteins except MGF-505J that only contained two 122 MGF proteins (Table S1 ). The average number of proteins in all MGF groups was 44. The maximum-likelihood phylogenetic trees were built for each MGF family based 128 on MGF protein sequences (Figure 1) . Results showed that for most MGF groups, the 129 proteins from the same MGF group were clustered together in the phylogenetic trees, The 861 MGF proteins downloaded in the NCBI protein database were classified into 139 34 MGF groups based on the MGF grouping and best blast hit method (Table S3 ). To study, a local disordered protein was defined as a long disordered region containing 170 more than 30 residues (Singh, Ganapathi, & Dash, 2007) . In addition, the protein class 171 was determined based on Geourjon's study (Geourjon & Deleage, 1995) . Specifically, 172 a class with an alpha-helix (H) ratio > 45% and a beta-sheet ration (E) < 5% was 173 defined as all-alpha, while a class with H < 5% and E > 45% was defined as all-beta.
174
The alpha-beta class was with H > 30% and E > 20%, and the rest was defined as 175 mixed class. 198 and no more than two members in eight of the nine viral strains of the genotype I. 199 Moreover, we also found that the viral strain Tengani was lost in the MGF-110A. 200 While some MGF groups were generated in the evolution of ASFVs, such as 
